Introduction
Cerebrovascular disease and cardiovascular risk factors have consistently been associated with depression, leading some investigators to propose that "vascular depression" is a subtype that commonly occurs in later life. 1 The vascular hypothesis of depression implies that cerebrovascular disease disrupts key brain circuits involved in the regulation of mood, 2 and although findings from clinical, neuroimaging and neuropathological studies lend some support to this hypothesis, 3, 4 epidemiological data are not consistent with a causal link between vascular disease and depression. The contradiction stems from the fact that the prevalence of cardiovascular diseases and its risk factors increases exponentially with age, but the prevalence of depression declines as people get older. [5] [6] [7] These conflicting results suggest that the association between vascular disease and depression may not be simple or direct. For example, it is conceivable that the stress associated with cerebrovascular disease substantially disrupts brain function only if angiogenesis is compromised.
Angiogenesis is the process whereby new blood vessels are created from pre-existing ones. The continual and effective activity of this system is vital for growth, wound healing and regeneration in a process mediated by pro-and antiangiogenic factors. 8 Proangiogenic factors, such as the vascular endothelial growth factor (VEGF), seem to promote neurogenesis and decrease apoptosis in response to stress, 9 whereas anti-angiogenic factors may have the opposite effect. Mice genetically modified not to express brain-specific angiogenesis inhibitor 2 display antidepressant-like behaviours when exposed to stressful conditions. 10 In addition, recent preliminary findings that higher serum concentration of VEGF is associated with better response to treatment with antidepressants suggest that angiogenesis may be involved in recovery from depression in younger adults.
11 A proangiogenic balance has also been associated with improved stroke recovery in humans, whereas high concentrations of endostatin increase the risk of functional dependency after 3 months. 12 Endostatin is an endogenous angiogenesis inhibitor derived from the C-terminal of collagen XVIII 13 that seems to inhibit migration of neurons and epithelial cell branching, 14 suggesting that high concentrations of endostatin may counteract the effects of neurotrophic factors that reduce the risk of depression. 15 These results suggest that depression may arise, or persist, when cerebrovascular disease occurs in a setting characterized by inadequate angiogenesis.
We designed the present study to test the hypothesis that older men with clinically significant depressive symptoms would have higher concentrations of endostatin than participants without depression (regardless of history of depression).
Methods

Study design, setting and participants
This cross-sectional study included participants assessed during the 2001-2004 wave of the Health In Men Study, which is an ongoing longitudinal study of a representative sample of older men recruited into a randomized trial of screening for aortic aneurysm between 1996 and 1998. 16 Of the 12 203 men enrolled in the study, 2301 (18.9%) died before the 2001-2004 assessment and, of the surviving participants, 4246 agreed to donate a blood sample. A previous analysis of this sample showed that those who donated a blood sample were healthier than those who did not. 17 We selected a random sample of these 4246 men for assessment of serum endostatin based on power calculations derived from other studies (80% power to declare as significant a difference of 30% in the serum concentration of endostatin between controls and cases with cardiovascular disease). 18 The study was conducted in accordance with the principles expressed by the Declaration of Helsinki for Human Rights. The Human Research Ethics Committee of the University of Western Australia approved the study protocol, and all men provided written informed consent to participate.
Outcome of interest: clinically significant depressive symptoms
Participants completed the 15-item Geriatric Depression Scale (GDS-15), and we considered those with a total score of 7 or more to be experiencing clinically significant symptoms of depression (current depression). 19 This cut-point has been associated with about 80% sensitivity and specificity for the diag nosis of a depressive episode. 19 We asked participants if they had ever been told by a doctor that they had an emotional illness, such as depression (yes/no), and used this information to establish the presence of past depression.
Other study measures
Participants completed a self-report questionnaire that contained information about the date of the assessment, date of birth, highest level of education attained and smoking history (never smoked, past smoker, current smoker). We used standard procedures to measure participants' height (rounded to 0.5 cm) and weight (rounded to 0.2 kg) and calculated the body mass index (BMI). We classified men as underweight (BMI < 18.5), healthy weight (BMI 18.5-24.9), overweight (BMI 25.0-29.9) or obese (BMI ≥ 30.0). In addition, we asked participants if they had a history of hypertension, diabetes, heart attack, angina, heart bypass surgery or angioplasty, or stroke (possible answers yes v. no). We considered coronary heart disease to be present if men answered "yes" to heart attack, angina, heart bypass surgery or angioplasty. We also asked participants to list all medications consumed at the time of assessment, including antidepressants, which we coded according to the World Health Organisation Anatomic Therapeutic Chemical (ATC) classification system (code N06A*; WHO Collaborating Centre for Drug Statistics Methodology).
Biochemical analyses
We collected fasting blood samples from participants, which were processed and assayed at the Department of Biochemistry of the Royal Perth Hospital, Perth, Australia, for total plasma homocysteine (tHcy), high sensitivity C-reactive protein (CRP), triglycerides, low-density lipoprotein (LDL) cholesterol and high-density lipoprotein (HDL) cholesterol. The following reference values are associated with increased health risk: tHcy ≥ 15 µmol/L, CRP ≥ 3 nmol/L, triglycerides
The samples used to measure endostatin were retrieved from isolated serum that had been stored at -80°C and were transferred, for analysis, to the Queensland Research Centre for Peripheral Vascular Disease of James Cook University, Townsville, Australia. An experienced scientist (P.C.) who was unaware of the clinical characteristics of participants used a commercial assay (R&D Systems) to determine the concentration of endostatin The intra-and inter-assay coefficients of variation were 7.3% and 9.0%, respectively.
Statistical analysis
Data were managed and analyzed with the statistical package Stata release 12.1 (StataCorp). We used descriptive statistics (means, standard deviations, medians, interquartile ranges [IQR] and proportions) to summarize our data, and we used t tests and Pearson χ 2 tests to compare the characteristics of participants with and without current depression. Initially we used natural logarithms to transform endostatin because of significant skewness in the distribution of the variable, but as the transformed variable remained unfit for parametric testing, we used the Mann-Whitney test (z statistic) to compare the serum concentration of endostatin for men with and without depression. We used the Cuzick nonparametric test for trend to investigate the ordered serum concentration of endostatin for men with no depression (i.e., neither past nor current depression), past self-reported depression and current depression (i.e., GDS-15 ≥ 7). We calculated the doubling of endostatin by dividing the naturally log-transformed endostatin by the natural log of 2. This approach enabled us to estimate the increase in the odds of depression associated with doubling the serum concentration of endostatin in the sample (i.e., from the lowest level, what happens to the odds of depression as one progressively multiplies the serum concentration of endostatin by 2?). We also used graphic methods (strip plot) to show the distribution of serum endostatin among participants with and without depression.
Logistic regression was used to estimate the odds ratio (OR) and respective 95% confidence interval (CI) of depression for men in the highest decile of endostatin concentration as well as for the doubling of endostatin. We adjusted the analyses for the confounding effects of smoking, history of coronary heart disease or stroke, high triglycerides or homocysteine and the use of antidepressants. Finally, we estimated the adjusted probability of depression according to the serum concentration of endostatin and plotted the results using a 2-way quadratic prediction model. All statistical probability tests reported are 2-tailed, and we considered results to be significant at p < 0.05.
Results
We selected a random sample of 1114 men for the assessment of serum endostatin; 1109 of them provided valid data on depressive symptoms and formed the study sample. The men were aged 69-86 years. Sixty-three (5.7%) showed evidence of clinically significant depressive symptoms. The demographic and clin ical characteristics of participants are summarized in Table 1 . A higher proportion of men with than without depression were past or current smokers, and there was an excess of obese people in the depressed group. The prevalence of diabetes and hypertension among men with and without depression was similar, but history of coronary heart disease or stroke was higher in the group with depression. The prevalence of men with low HDL cholesterol and high LDL cholesterol did not differ according to depression status, but more men with than without depression had high triglycerides, total plasma homocysteine and serum endostatin. Men with depression had higher serum concentration of endostatin than men without depression (median 5.7 nmol/L, IQR 4.6-8.9 nmol/L v. median 5.3 nmol/L, IQR 4.4-6.6 nmol/L, z = 2.30, p = 0.021). Figure 1 shows the distribution of endostatin for participants with and without depression. More than 25% of men with depression had serum concentration of endostatin in the highest decile of the population.
The OR of depression among men in the highest decile of serum endostatin was 4.79 (95% CI 1.56-14.75) and remained significant after controlling for history of smoking, coronary heart disease and stroke and the presence of high triglycerides and plasma homocysteine (OR 1.78, 95% CI 1.03-3.06). The doubling of endostatin was also associated with increased odds of depression (crude: OR 2.10, 95% CI 1.46-3.01; adjusted: OR 1.93, 95% CI 1.31-2.84). We noted similar associations for men with either current or past depression, but not for men with past depression only ( Table 2 ). The Cuzick test for trend showed that the serum concentration of endostatin increased progressively from the group who had never experienced clinical depression to the group with past depression to the group with current clinically significant depressive symptoms (z = 2.96, p = 0.003).
We estimated the probability of depression according to the serum concentration of endostatin after the models were adjusted for history of smoking, coronary heart disease and stroke and the presence of high triglycerides and plasma homocysteine (Fig. 2) . The probability of depression increased with the serum concentration of endostatin up to about 25 nmol/L, after which the model became imprecise owing to the small number of men with serum concentrations beyond this level. 
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Discussion
The results of this study show that older men with depression have higher serum concentration of the angiogenesis inhibitor endostatin and that, compared with men free of clinically significant symptoms, the odds of depression doubles with the doubling of endostatin. We also found that the serum concentration of endostatin among participants with history of past but not current depression lies between those of people with no history of depression and those with current depression. Finally, we observed that the probability of depression rises in a log-linear fashion with increasing concentration of endostatin, although estimates were imprecise for endostatin concentrations above 25 nmol/L. These results could not be attributed to confounding due to age, education, smoking history, body mass index, prevalent cardiovascular diseases or risk factors, or to the use of antidepressants.
Limitations
The cross-sectional design limits the study's ability to ascribe causality to the association between high endostatin and depression. We are unable to dismiss the possibility of reverse causality or confounding by unmeasured factors (including but not limited to alcohol consumption and physical activity), with depression, conceivably contributing to changes in lifestyle and physiology that could result in elevated serum endostatin. For example, physical activity has been associated with increased angiogenesis in both mice and humans with coronary heart disease, 20 suggesting that the reduced level of activity commonly associated with depression could potentially mediate the rise in the concentration of endostatin. 21 We attempted to minimize these effects by fastidiously adjusting our analyses for available data on sociodemographic, lifestyle and clinical variables as well as the use of antidepressants, 22 but we concede that unmeasured factors could have affected the results. Furthermore, we did not have access to information about past antidepressant treatment. Consequently, we were unable to investigate if history of antidepressant use would have influenced the serum concentration of endostatin at the time of assessment.
We also acknowledge that our assessment and diagnosis of depression was not based on a structured clinical interview or on the use of standardized diagnostic criteria, although the approach we used has well-accepted face validity. 19 In addition, the ascertainment of past depression was based on a selfreport method with uncertain reliability and validity. There is some evidence that such strategy is associated with underreporting of past symptoms, 23 which could have created false negative cases and biased the results of the study toward the null hypothesis. Hence, the magnitude of observed differences in serum endostatin between older men who were never depressed and those with current or past depression could be more pronounced than our analyses suggest.
Angiogenesis is a process mediated by numerous factors that interact in a way that is not entirely understood. 24 We limited our assessment of angiogenesis to a single factor, and this may have offered only a partial snapshot of the angiogenic milieu of participants. Nonetheless, very high concentrations of serum endostatin most likely provide a reliable and valid measure of angiogenesis inhibition. 8, 25 Hence, it seems reasonable to accept our results as valid.
Finally, we acknowledge that the results of this study are limited to older men and, as a consequence, we are unable to establish whether our findings would be of relevance to other age groups or to women.
Interpretation and summary of findings
The vascular hypothesis of depression states that it is the presence of cerebrovascular disease and risk factors that cause depression or change the course of the disorder in later life. 1 This hypothesis seems inconsistent with epidemiological data on the prevalence of cardiovascular diseases and depression in older age, 6 and this discrepancy may be due, at least in part, to angiogenesis imbalance. Data arising from the Rotterdam Scan Study 26 indicate that only 8% of older adults living in the community have no neuroimaging evidence of cerebrovascular disease, suggesting that it may not be the almost universal presence of cerebrovascular lesions that are associated with depression, but the inability of the individual to circumvent their presence effectively. Evidence from other sources suggest that depression may result from the individual's inability to manage physiologic stress successfully, 21, [27] [28] [29] [30] of which cerebrovascular disease is but one factor. Within such a context, the results of clinical trials using the angiogenesis inhibitors interferon-α and bevacizumab found an increase in the incidence of depressive symptoms among actively treated participants, 31, 32 suggesting that an antiangiogenic balance may facilitate the onset of depression. In contrast, the proangiogenesis VEGF has recently been described as mimicking the actions of antidepressants and as having the potential to enhance treatment response to conventional antidepressants. 33 
Conclusion
Our findings show that angiogenesis inhibition, as measured by high concentration of serum endostatin, is associated with clinically significant symptoms of depression in later life. It remains to be established whether correction of this angiogenesis imbalance is feasible and if proangiogenic treatment would succeed in decreasing the prevalence of depression in older age.
